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Sustainability of agriculture suggests endurance into the future (McIsaac 1994).
Uncertainty related to climate change and the increasing demands for food, fiber, forage, and biofuel present significant challenges to agriculture's capacity to assure future food security and protection of the environment (SWCS 2011) . Farming practices that reduce soil erosion and mitigate loss of excess nitrogen (N), herbicides, and other chemicals into proximate water bodies are central to achieving sustainable agricultural systems (National Research Council 2010) .
The goal of sustainability is a socially determined outcome first explicitly codified by USDA in the Food, Agriculture, Conservation, and Trade Act of 1990 (Beachy 2010) . The 1990 Farm Bill statutorily defines sustainable agriculture as an "integrated system of plant and animal production practices having a site-specific application that will, over the long term, satisfy human food and fiber needs; enhance environmental quality and the natural resource base upon which the agriculture economy depends; make the most efficient use of nonrenewable resources and on-farm resources and integrate, where appropriate, natural biological cycles and controls; sustain the economic viability of farm operations; and enhance the quality of life for farmers and society as a whole" (Food, Agriculture, Conservation, and Trade Act of 1990; Gold 2007) .
Efforts to achieve sustainability imply a dual interest or multiutility approach (Chouinard et al. 2008; Bishop et al. 2010; Sheeder and Lynne 2011) to farming that balances economic, social, and environmental goals in ways that assure both viability of farm operations and protection of the natural resource base. To date, however, societal commitment to sustainability in agriculture has focused more on enhancing productivity and efficiency and less on addressing negative environmental externalities (National Research Council 2010) . This societal emphasis on the productivity and efficiency components of sustainability is reflected in a similar attitudinal bias among farmers and other agricultural stakeholders who tend to give higher priority to the productivity-related dimensions of agricultural sustainability than the environmental (Herndl et al. 2011) .
Nationally, about 18% of US total land area in the lower 48 states is cropland (357 million ac [144 million ha]) (USDA NRCS 2009). There are a number of key factors that over the past forty years have characterized the "modernization" of farming and crop production in the United States. These include (1) a steady rise in the concentration or dominance of a few field crops, (2) productivity increases, (3) increased adoption of technologies and larger equipment which enable producers to manage more acres within one operation, and (4) a production shift to larger farms and a decrease in the number of small commercial farms (Bechdol et al. 2010; Gardner 2002; National Research Council 2010; MacDonald 2011) . Corn, soybeans, wheat, cotton, rice, sorghum, and barley oat represent 75% of crop value produced by 40% of US farms (Bechdol et al. 2010) . Corn yields increased from an average 3.4 Mg ha -1 (55 bu ac (Bechdol et al. 2010) . According to Censuses of Agriculture (1982 Agriculture ( to 2007 , 16,000 farms in 1982 had at least US$1 million in sales (expressed in 2007 dollars), but by 2007, 55,000 farms had at least US$1 million in sales and accounted for 59% of all farm sales (MacDonald 2011) . The increase in the largest farms' share of sales contrasts with that of small commercial farms (sales of US$10,000 to US$250,000), which fell by 40% from 1982 40% from to 2007 40% from (MacDonald 2011 .
The steady increase in farm size and number of farms with more than US$1 million in annual sales has been enabled to a large degree by more extensive use of synthetic fertilizers and herbicides inputs. These inputs, particularly fertilizers and pesticides, have allowed specialized monoculture of grain crops and spectacular gains in yield and labor productivity (Bechdol et al. 2010; McDonald 2011) . Nitrogen is a major plant nutrient and the single most important input a farmer can control to increase crop yields (Ribaudo 2011) . In the United States today, most row crop systems use pesticides along with other practices to manage weeds, insects, and disease to prevent crop yield or quality losses (Osteen and Livingston 2006) . United States farmers typically spend over US$10 billion annually for commercial fertilizers, with corn production accounting for over 40% of all commercial fertilizer used (Daberkow and Huang 2006) . Agricultural pesticide expenditures reached an all-time high of US$9 billion in 1997 to 1998, followed by US$8.3 to US$8.5 billion in 2002 to 2004 with herbicides accounting for two-thirds of those expenditures (Osteen and Livingston 2006) . This input-driven yield enhancement has come at a cost of increasing dependence on inputs, however. While use of commercial fertilizer and other chemical inputs has essentially stabilized in recent years, crop yields, especially with corn, are heavily reliant on such inputs (Daberkow and Huang 2006; Osteen and Livingston 2006) . Thus, most large-scale, specialized grain producers are almost completely dependent on purchased inputs.
While productivity enhancement goals have largely been met over the last decades, lack of progress on the environmental side of the agricultural sustainability equation has created increasing levels of conflict over natural resource degradation. In the Corn Belt, these conflicts are centered mainly on water quality concerns as the negative impacts of soil loss, sedimentation, and excessive phosphorus (P) and N compounds on ecosystems and natural balances are widespread (USEPA 2009; Ribaudo 2011) . The US Environmental Protection Agency has specified sustainability goals related to water resources as improved water quality achieved through reductions in N runoff and soil erosion from agricultural landscapes that contribute to hypoxic conditions in water bodies. United States Geological Survey findings reveal that agricultural sources contribute more than 70% of the N delivered to the Gulf of Mexico by way of the Mississippi River Basin (Alexander et al. 2008) . Based on data from 1992 to 2003, 13% of US streams and 20% of groundwater wells have nitrate concentrations greater than the drinking water standard of 10 mg L -1 (10 ppm) (Heinz Center 2008) . In May of 2011, the Mississippi and Atchafalaya rivers discharged 64,000 t (70,547 tn) of N into the northern Gulf of Mexico, nearly twice that of normal conditions, resulting in an estimated 35% increase over average May N levels in recent decades (NOAA 2011) .
The tension between increased productivity and concern about nonpoint source pollution points to an imbalance in the sustainability equation. On one hand, farmers are responding effectively to societal and market signals to increase yields and have employed purchased inputs to greatly enhance productivity (Gardner 2002) . However, on the other hand, there is a mounting demand for improved environmental performance and reduction of impacts, especially those associated with use of agrichemicals. Farmers thus face a structural paradox: even as productivity has become more a function of input use and less a function of labor, thereby increasing dependence on inputs, many of those same inputs are also increasingly implicated as drivers of environmental degradation.
In this research, we examine changes between 1989 and 2002 in farmers' beliefs about agricultural sustainability and their perceptions of the relationships between farming practices and maintenance of the natural resource base. Of particular interest are shifts in farmers' attitudes toward modern agriculture's reliance on inputs, such as commercial fertilizers, insecticides, and herbicides, as farm size increased during this time period. We posit that increase in farm size represents greater dependency on external inputs and an acceleration of the agricultural treadmill of production articulated by Cochrane (1993) , which could make economic survival and viability a more dominant concern than water quality. The agricultural treadmill is characterized by specialization in one or two commodity crops which are not differentiated in the marketplace; thus, farmers have little control over market price when they choose to sell. Because the commodity price is the same for all farmers, those farmers who aggressively adopt new technologies that result in lower production costs and higher yields relative to other farmers will earn more profits. However, once yield-enhancing technologies are widely used, the competitive advantage is lost to the early adopter and the increase in supply lowers prices for all farmers. To survive, farmers must continually adopt new technology, expand their operations over more acres, or both, and the cycle repeats itself. Once on this agricultural treadmill, it may become very difficult to incorporate sustainability goals and conservation management unless they add value to the production process.
While managing for sustainability is a dual motive or multiutility (Chouinard et al 2008; Bishop et al. 2010; Sheeder and Lynne 2011) process that integrates both self-interest profit goals and collective conservation motives, the farmer who is on the agricultural treadmill is likely to find it very challenging to break the cycle of external input dependency and manage for the environmental impacts of those inputs. One way to manage or reconcile the tension between environmental values and production goals is to realign the priority assigned to the environmental values and move it to an uncertainty or less important cognitive category (Burke 1991; Burke and Stets 2000; McGuire 2010 ). Thus, the more dependent on inputs farmers become in order to meet productivity goals, the more environmental goals may seem at odds with or not relevant to those production and economic goals and the further the farmers move away from a multiutility approach to management decisions. The objective of this research is to assess, in the context of increasing scale and input dependence in agriculture, farmers' attitudes toward sustainable farming and input use over time and, in particular, the relationship between changes in those attitudes and individual farm size.
Materials and Methods
Data. Our data were drawn from the Iowa Farm and Rural Life Poll (IFRLP), an annual, longitudinal panel survey of Iowa farmers. We examine three questions that were presented in the 1989, 1994, and 2002 surveys. The question sets were introduced in the survey through the heading, "Opinions on Modern Agricultural Practices," and the following introductory sentence: "There is increasing public concern about the safety of some modern agricultural practices. What is your opinion of these statements?" The statements read as follows (short descriptive name in parentheses):
• Increased use of sustainable farming practices would help maintain our natural resources (Sustainable Farming Practices) • Modern farming relies too heavily upon commercial fertilizers (Commercial Fertilizers) • Modern farming relies too heavily upon insecticides and herbicides (Insecticides and Herbicides). Participants were asked to rate their level of agreement or disagreement with the three items on a scale from Strongly Disagree (1) to Strongly Agree (5). The middle points on the scale were Somewhat Disagree (2), Uncertain (3), and Somewhat Agree (4).
Responses on the first item were generally affirmative, but trended toward less agreement over time. In 1989, 69% of farmers expressed some agreement that "sustainable farming practices" would contribute to the maintenance of natural resources (table 1). By 2002, that figure had dropped ten points-to 59%. Attitudes toward use of commercial fertil- izer and insecticides and herbicides followed a similar, though even more pronounced, declining trend. In 1989, 76% of farmers agreed with the statement, "modern farming relies too heavily on commercial fertilizers," and 78% agreed that modern farming was too reliant on insecticides and herbicides. By 2002, only 62% of farmers expressed agreement with the former position and 60% with the latter. Three covariates (table 2) expected to be associated with farmer attitudes are included in our models, farm size and two control variables. Farm size is measured by total corn and soybean (the dominant cropping system in Iowa) planted acres owned and rented in the previous year and represents farm scale and input dependence. The IFRLP sample data show farm size increasing over the 1989 to 2002 period, from a mean of 116 ha (287 ac) of row crops in 1989, to 131 ha (323 ac) in 1994, to 153 ha (377 ac) in 2002 (table 2). In addition, there is substantial variability in farm size in all years. Age and growing degree days (GDD) are control variables. Younger farmers may have different attitudes; for example, they may more readily embrace modern practices. Growing degree days reflect the previous season's weather, which may influence respondent responses. Growing degree days are computed from temperature data from the National Weather Service Cooperative Observer Network. Data from over 90 National Weather Service Cooperative sites across Iowa were linked to IFRLP respondent county codes to provide approximate local weather information at the individual level. As shown in table 2, age and GDD have been centered and scaled. The centering allows more meaningful interpretation in regression modeling. For example, centering the GDD variable by subtracting a constant allows a regression intercept to reflect an average year's weather (3,000 GDD) versus a year with zero GDD, which is uninterpretable. Scaling the covariates (dividing by a constant) can positively impact the performance of the computational routines used to estimate the parameters. Scaling gives the covariates similar variability. Ultimately, centering and scaling do not change the technical results but allow for easier estimation and interpretation. The following sections present the results of two multinomial modeling approaches that assess attitude changes in the sample population over time and model the relationships between farm size and attitudes toward input use and sustainable practices over time.
Analytical Approaches: Multinomial Modeling. We use two types of statistical models to analyze our data. The first approach addresses overall changes in the population over time, and the second approach incorporates the relationship between attitudes and farm size. It is unclear how the uncertain category may fit into an ordering of the response categories, so our analysis considers these as nominal categories. A basic statistical framework for responses from discrete categories is a multinomial distribution model. The multinomial distribution is characterized by a set of population-level proportions associated with each response category. Our analysis consists of two variations of the multinomial model; it first considers a time-varying population-level model and then a logistic regression model that incorporates covariate and individual effects.
Approach 1: Population-Level Multinomial Model. The population-level multinomial model assumes that at a given point in time the distribution of responses to each of the three survey items of interest is multinomial. Since there are five response options, this distribution consists of five fixed proportions that characterize the population of Iowa farmers. Using the data from each year's sample, we wish to estimate these population proportions and assess potential differences across years.
A Bayesian analysis is used here for inference on the population proportions. The Bayesian approach requires prior distributions that reflect previous knowledge about the unknown parameters, which are the multinomial proportions for each year in this model. The prior distribution is combined with the observed data to yield the posterior, or postdata, distribution, which provides inference for the parameters of interest.
If the data analyst desires that the data have greatest impact on the inference, a vague or diffuse prior distribution can be chosen. For multinomial proportions, the Dirichlet distribution is a convenient prior distribution, both mathematically and for interpretation. The Dirichlet parameters can be thought to represent "prior counts" for the response categories. Thus, the prior knowledge can be summarized in terms of a predata sample size and the anticipated responses in each category (Gelman et al. 2004) . One noninformative Dirichlet prior assigns a prior count of 1 to each category. This prior distribution is used for the analysis of the 1989 , 1994 , and 2002 When a Dirichlet prior is adopted with a multinomial data model, the resulting posterior distribution for the set of multinomial proportions is also a Dirichlet distribution. In addition, the posterior distribution for a single category's proportion is a beta distribution. Summaries of these distributions, such as their means and extreme quantiles, provide point estimates and measures of uncertainty for the parameters of interest. This approach is applied separately to the three years of data for each of the three survey items of interest.
Approach 2: Multinomial Logistic Regression. Approach 1 helps provide a broad picture of the population at different points in time. The second modeling approach extends the investigation to include the relationship between attitudes and covariates of interest. Further, some subjects remain in the survey for multiple years; in fact, a portion of the sample presented here participated in 1989, 1994, and 2002 . Multinomial logistic regression modeling with random effects is a comprehensive modeling approach that allows responses by the same individuals over time to be related statistically and specific investigation of the relationships between farm size/dependence on inputs and attitudes toward those inputs and sustainable practices related more generally.
First, the five response options are collapsed into three. Denote y i,t, as the response to an item by subject i in year t. The possible responses are identified in the following way:
or Strongly Disagree in year t 1 if subject i chooses Somewhat Agree or Strongly Agree in year t -Then, this individual-specific random variable follows a multinomial distribution characterized by three proportions: P i,t,0 , P i,t,-1 , and P i,t,1 . These individual-and time-specific proportions can now be made functions of covariates. One common approach for incorporating the covariate information is through a multinomial logit (Hartzel et al. 2001 ). The logit is simply the logarithm of the odds ratio between the proportions for two categories. When the categories are nominal, the generalized logit can be used. This requires one of the categories to be defined as a baseline, and a logistic regression is then constructed for each category relative to the baseline. Taking the uncertain category as a baseline, the two components are then
The vectors x i,t denote known individual-level covariates for each year and include coding for an intercept. As defined above, these covariates are total corn and soybean row crop acres, representing farm size and serving as a proxy for input dependence; farmer age; and GDD, representing weather conditions for the prior growing season. The multinomial logit model includes the time-specific coefficients a t,-1 and a t,1 , which are associated with the covariates and reflect the population effect for each covariate (including an intercept) for each year. In addition, the model includes the individual-specific effects Z t,-1 and Z t,1 . Noting that these effects vary from individual-to-individual but do not vary with time, these effects capture the tendency of an individual to respond consistently at all times. Since some respondents participated in two or all three of the 1989, 1994, and 2002 IFRLPs, their responses over time may be related, and these effects attempt to account for that. Following Hartzel et al. (2001) , these individual effects are assumed to be random variables with a multivariate normal distribution.
As with the first approach, inference for the multinomial logit model is achieved through a Bayesian analysis. Prior distributions include Gaussian distributions for a t,-1 and a t,1 and an inverse Wishart distribution for the covariance parameters of the individual effects. Unlike the first approach, this model is completely specified for the entire collection of data for all three years. Therefore, only a single analysis is required instead of separate analyses by year. For this model, Markov Chain Monte Carlo techniques (Gelman et al. 2004 ) are used toThe posterior distributions for the regression coefficients a t,-1 and a t,1 will guide quantitative inference and interpretation. Specifically, the coefficients corresponding to total row crop acres will reveal tendencies in farmer opinions as a function of farm size. Comparing coefficients across years will reveal relevant time trends. This can be done both for the covariates' coefficients and the intercept terms since changes in the intercepts may reflect systematic population shifts in opinions.
Results and Discussion
We use these two approaches to examine the relationship between increasing farm size/dependence on purchased inputs and the degree to which farmers believe that (1) reliance on chemical inputs is problematic and (2) increased use of sustainable practices would lead to improved natural resource outcomes. The declines in proportion of farmers who agreed with those statements are linked to shifts in uncertainty and disagreement over time. The Bayesian approach to statistical inference relies on the posterior, or postdata, distribution, which mathematically combines the prior distribution with the model for the observed data. The posterior distribution is an actual probability distribution. Instead of computing parameter estimates, the center of the posterior distribution indicates the most likely values of the parameter. Instead of computing a standard error, the spread of the posterior distribution reflects the uncertainty about the parameter. The posterior distribution can be summarized graphically by plotting its histogram, or probability density function, or numerically by computing measures of center and spread such as the mean and an interval between two quantiles. This interval is known as a credible interval, a Bayesian confidence interval. The graphical and numerical summaries are both used in the results that follow.
Approach 1: Population-Level Multinomial Model. The Bayesian analysis of the population-level multinomial model can be summarized by looking at the posterior distribution of the multinomial proportions for each response category. Results for the sustainable practices and commercial fertilizers items are briefly presented here. The characteristics of the posterior distribution can be summarized visually through a plot of its probability density function. Figure 1 illustrates the posterior distributions for the sustainable farming practices item for each year and response category. The somewhat agree category is the most popular in all three years, with all three posterior distributions concentrated between 0.4 and 0.5 (i.e., between 40% and 50% of the population). However, there is a noticeable shift in this category's posterior distribution over time, moving from near 0.5 in 1989 to 0.4 in 2002. An opposite and even more pronounced shift is observed for the uncertain response category, which moves from a center under 0.2 in 1989 to over 0.3 in 2002. These shifts indicate that over time there is increasing uncertainty that increased use of sustainable practices would help maintain natural resources. Figure 2 illustrates the posterior distributions for the commercial fertilizers item. It shares a similar trend in the uncertain category with the sustainable practices item, moving from a proportion less than 0.1 in 1989 to around 0.15 in 2002. There was a significant decline in the population proportion for the strongly agree category from 1989 to 1994 and complementary increases in both the strongly disagree and somewhat disagree categories. However, the posterior distributions for somewhat disagree suggest that the population proportion is highest in 1994 before moderating slightly in 2002.
The posterior distribution can also be summarized numerically, with its mean characterizing the distribution's center and credible intervals describing the spread, which represents uncertainty. The credible interval uses specific percentiles of the posterior distribution; for example, a 95% credible interval is the interval between the posterior distribution's 2.5 and 97.5 percentiles. Table 3 presents the posterior means and 95% credible intervals for the sustainable farming practices item for each year. The posterior means for somewhat agree, uncertain, and somewhat disagree peak in 1989, 2002, and 1994, respectively. The posterior distribution of the difference in proportions across years reveals that all categories saw some significant changes with time, with the proportion uncertain increasing significantly from 1989 to 1994 and from 1994 to 2002. Table 4 presents the means, credible intervals, and tests for the commercial fertilizers item. The agree categories combine for three-fourths of the population in 1989, and this proportion falls to around 60% in subsequent years, with upticks in somewhat disagree in 1994 and uncertain in 2002. Posterior density plots, means, and credible intervals for the insecticides and herbicides survey item follow a similar pattern as commercial fertilizers (not shown). These results reveal an increasing proportion of farmers shifting away from agreement and an increase in uncertainty about modern farming relying too heavily on commercial fertilizers, insecticides, and herbicides.
Approach 2: Multinomial Logistic Regression. The multinomial logistic regression model offers a more refined investigation while controlling for demographic and environmental factors as well as handling the richness of the available data. Specifically, the individual random effects realistically account for the relatedness of multiple observations across time for the same individual. While the random effects provide some useful interpretation for specific individuals, the initial focus is on the fixed predictors and their behavior over multiple years. As before, quantitative inference can be drawn from the posterior distributions of the model parameters. One strategy for identifying important predictors in a Bayesian analysis of a regression model is to single out the coefficients whose posterior credible intervals do not contain zero. Tables 5, 6 , and 7 summarize the posterior distributions for the coefficients in the multinomial logistic regression models for each of the three survey items, respectively. Each model has two coefficients for each combination of year and covariate. There are two coefficients for each combination to reflect two different odds ratios; the first corresponds to the odds of disagree to uncertain, and the second represents the odds of agree to uncertain. This complexity warrants some discussion of the interpretation of the coefficients. The intercept coefficients represent the log odds when the other covariates are zero, which would be for a farmer with no row crop acres (e.g., a livestock producer) who is 50 years old and experienced average weather conditions. A positive disagree/ uncertain intercept indicates that the disagree response is relatively more likely than an uncertain response for this no-row crop acres farmer. The coefficients for crop acres, age, and GDD then reflect the change in the odds of disagree to uncertain as a function of the covariate. As an example, if the crop acres coefficient is positive (negative) for disagree/uncertain, then larger producers are increasingly more (less) likely to choose disagree over uncertain. The discussion of specific results is focused on the crop acres Table 4 Posterior means and credible intervals for multinomial proportions for the commercial fertilizers item. The final column indicates years that are significantly different with a posterior probability of at least 0.99. For example, a notation of 1989 < 1994 indicates that the proportion for 1989 is significantly smaller than for 1994. Note: GDD = growing degree days.
Table 6
Posterior means and credible intervals for multinomial logit fixed effect parameters for the commercial fertilizers item. Significant coefficients are bolded. coefficients, which reflect farm size/input dependence, and the change of the intercepts across years, which reflect time trends in attitudes. Table 5 gives posterior means and 95% credible intervals for the multinomial logistic regression coefficients for the sustainable farming practices item. The farm size coefficients are positive and significant in all years for disagree/uncertain (bolded). Similarly, the crop acre coefficients are consistently negative for agree/uncertain (bolded). Overall this suggests that as farm size/input dependence increases, farmers are more likely to disagree and less likely to agree that increased use of sustainable practices would help maintain natural resources. Coefficients for age and growing degree days are not significant, although the age coefficient for agree/uncertain increases from 1989 to 2002. The disagree/uncertain intercepts for the sustainable practices item exhibit noticeable changes over time. The coefficient is largest in 1994 and drops significantly in 2002, another indication of the peak in disagreement in 1994 and movement toward uncertainty in 2002 for the population as a whole. The intercept for agree/uncertain decreases substantially both from 1989 to 1994 and from 1994 to 2002, revealing the increasing uncertainty regarding sustainable farming practices.
The posterior distributions for the multinomial logistic regression coefficients for the commercial fertilizers (table 6) and insecticides and herbicides (table 7) items show similar patterns. Farm size coefficients are significant for both disagree/uncertain (positive) and agree/uncertain (negative). Together these results indicate a general tendency for farmers with larger operations to disagree that modern farming relies too heavily on commercial fertilizers, insecticides, and herbicides. Both of these items show slightly significant coefficients for age in 1994 and 2002, indicating that older farmers are more likely to agree that modern farming relies too heavily on fertilizers, Table 7 Posterior means and credible intervals for multinomial logit fixed effect parameters for the insecticides and herbicides item. Significant coefficients are bolded. insecticides, and herbicides. Changes in the intercepts are also evident for both items. Figure 3 offers a complementary view of the results from the multinomial logistic regression models. The actual population proportions for the disagree, uncertain, and agree categories can be computed for chosen values of the covariates using the model coefficients. It depicts the behavior of these proportions as a function of the total crop acres for all three items, as suggested by the Bayesian analysis, for all three years. The transition from agree to disagree with increasing farm size is evident in all years. The other striking feature is the noticeable increase in the uncertain proportion over time, reaching a maximum for all survey items in 2002.
Year

Summary and Conclusions
Over the 13-year course of this study, the relationship between farmer attitudes and farm size is pronounced and present in all years. The regression models identify two key results, the first being a strong relationship between attitudes and farm size and the second being the practically population-wide shifts over time. Further, there is a substantial shift from "I think it matters" to "I am unsure." In general, farmer agreement with the statements that (1) sustainable farming practices are needed to protect the natural resource base and (2) modern farming relies too heavily on commercial fertilizers, insecticides, and herbicides declined over the period, while uncertainty and disagreement increased, indicating that farmers in general are becoming less convinced that sustainable practices are needed to protect the natural resource base over time.
Further, we find that increasing farm scale, which we view as an indicator of increased reliance on inputs, was associated with greater likelihood that farmers would be uncertain or disagree that (1) sustainable practices help maintain the natural resource base and (2) modern farming relies too heavily on commercial fertilizers, insecticides and herbicides, regardless of age and weather conditions. These findings suggest a growing breach between farmer perceptions about the inputs that they depend on and expert assessments that changes in practices are necessary to achieve environmental quality and maintain the natural resource base upon which the agricultural economy depends. Although US Environmental Protection Agency and other agencies and organizations have found excess N and other chemicals from agriculture to be major contributors to water impairment, our findings indicate that farmers, especially those with larger-scale crop production, have become less concerned about overreliance on the nutrients and chemicals that are the source of this impairment.
Our data do not tell us why this shift is happening and what the social-psychological or biological drivers might be. Dual motive theories suggest there are multiple public and private interests that influence how farmers resolve the ongoing tension between economic self interests, and empathic, shared social interests (Chouinard et al. 2008 ). Burke's (1991) identity control model provides valuable insight into how farmer personal, role, and social identities are integrated, compared and adjusted to maintain/change the current identity standard. Increasing farm size is likely a proxy for a set of farmer characteristics of those who have successfully managed to survive and thrive through management of inputs and technologies that have allowed them to remain on the agricultural treadmill. McGuire et al. (2012) research applying identity control theory as a feedback mechanism to farmer activation (or not) of conservation identities shows promise in explaining variations along the continuum from productionist interest only to the coproduction of ecosystem services in conjunction with commodity productivity. It is also apparent that during the 1989 to 2002 period weather conditions were not strongly associated with issues of sustainability or modern farming practices.
Studies of sustainability and sustainable agriculture find competing and conflicting definitions and interpretations of the term sustainability (McIsaac 1994) . These "appear to be rooted in fundamentally different worldviews and value systems" (McIsaac 1994) . The results of this study, which indicate increasing uncertainty of farmers about sustainability, may reflect a gradual attitudinal shift in order to reconcile competing worldviews and external pressures to address soil and water quality concerns along with reaching for higher productivity goals. The strong association between increases in farm size/input dependence and tendency to disagree that more sustainable practices are needed and use of commercial fertilizer and other chemical inputs is not problematic Figure 3 Posterior mean multinomial probabilities as a function of total corn and soybean acres and year for each of the three survey items studied: (a) sustainable farming practices, 1989; (b) sustainable farming practices, 1994; (c) sustainable farming practices, 2002; (d) commercial fertilizers, 1989; (e) commercial fertilizers, 1994; (f) commercial fertilizers, 2002; (g) insecticides and herbicides, 1989; (h) insecticides and herbicides, 1994; and (i) 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000 0 100 500 1,500 3,000 5,000
suggests that farmers with larger operations that plant more row crops-precisely those operations that tend to use the most fertilizers and chemicals-are becoming less concerned about potential problems associated with their use.
Modern agriculture has accomplished unprecedented productivity in affordable food, feed, and fiber for domestic consumption and global export (Gardner 2002) . USDA Economic Research Service analysis of US farm productivity over time reveals a steady 158% monotonic rise in output and productivity from 1948 to 2008 (National Research Council 2010). However, in 2006 only about 35% of US crop acres receiving N were implementing all three recommended N management criterion for rate, timing, and method that provide some measure of protection to the natural resource base (Ribaudo 2011) . Nitrogen-related ecosystem problems will persist until farmers perceive that their practices and agricultural inputs affect the natural environment.
Does this mean that modern agriculture is the barrier to achieving sustainable agriculture? Not necessarily; the answer is more complex. Although the science of how excessive N and other agricultural chemicals affect our ecosystem has grown, examination of the market mechanisms, policies, and institutional structures that underlie the process of the agricultural treadmill have lagged behind. Current public policies incentivize short-term productivity and efficiency goals at the cost of long term environmental impacts (National Research Council 2010) . The concept of sustainability is dynamic and a politically and socially constructed goal (National Research Council 2010; Beachy 2010 ). While there is considerable divergence about how to accomplish sustainability along the continuum of various agricultural systems, there is general agreement that sustainable is a "good" goal much like being a good steward of the land is part of most farmers' identity (National Research Council 2010). However, the sustainable goal must be rebalanced to include not just economic profitability and productivity but also the environmental impacts on water and other natural resources if productivity is to be assured into the future. Science has an essential role to inform public decisions and rulemaking, such as the provision of the farm bills, the water quality protection legislation, and subsequent amendments. Science can predict likely outcomes of different agricultural management decisions under varying soil and slopes types and variable weather conditions of extreme drought or wetness. Science can also tell us whether agricultural producers are moving toward sustainability goals or away from them.
However, science alone is not enough; it must be accompanied by strategies that increase farmer awareness, knowledge, understanding and motivation (Morton 2011) . We must develop policies that rebalance the sustainability equation and devise interventions and technologies that support producer goals of economic profitability and management efficiency congruent with personal and societal values and goals for environmental quality. Agriculture is at a pivotal point in terms of consumer demand for multifunctional sustainable agricultural systems-systems that balance environmental performance, economic factors, and social factors alongside high production yields (National Research Council 2010). The practice of farming does not exist in isolation but is part of a broader human culture that values and attempts to sustain many things (McIssac 1994) .
The vagueness, uncertainty, and lack of a common definition of sustainability should not deter us from pursuing this important goal. McIsaac (1994) calls for humility in the search for sustainability, a vigorous but openminded debate and deliberation, and reminds us that the biosphere is interconnected. Farmers and policy makers must find ways to reconcile the discontinuity between current management practices and public findings of the externalities to the environment that their practices create (Morton 2011) .
This study has a number of limitations. The data were collected from Iowa farmers and are not generalizable to all farmers. Over time, participant attrition has necessitated periodic inclusion of new random samples of farmers drawn from the list maintained for the agricultural census. When surveys are mailed to new samples, many respondents who have very small acreages, do not farm, and do not consider themselves farmers, even though they are defined as such by the USDA, decline to participate. Thus, over time the IFRLP has become biased toward larger-scale farmers. While this bias toward larger-scale farmers might be seen as a liability for some research efforts, for this study it is considered an asset because larger-scale farms operate a disproportionate amount of acreage and thus have a greater impact on soil and water conditions. Our findings are more likely to represent attitudes and opinions of traditional row crop farmers in the Midwest than other regions or types of production systems.
We recognize that much of the variance in attitudes about input dependence and sustainable practices remains unexplained. Although our approach allowed us to track the changes in attitudes over time, we cannot with confidence tie these changes in attitudes to potential changes in conservation behavior. However, evidence from other studies (Prokopy et al. 2008; Sheeder and Lynne 2011) indicates that concern can be a precursor to action. Such research has examined the tension between profit motive (measured as farm size and expansion plans [Bishop et al. 2010] ) and prosocial, proenvironmental behavior. Evidence that declines in concern about the impacts of input use are correlated with increases in farm size suggests that profit motive may be on the rise and proclivity to engage in conservation behavior on the decline. The fact that shifts in attitudes are occurring more acutely among large-scale farmers, who farm a disproportionate amount of land, should be cause for concern among the conservation community.
There are likely other variables, structural (e.g., prices and markets) and cognitive (e.g., dual interests, farmer identity, and perceptions of risk), that are influencing farmer changes in perceptions over time about the strength of the connection between sustainability of natural resources and the inputs used for agricultural production. These variables are important if public policies are to successfully incentivize shared responsibility for the environmental impacts of cultivated cropping systems. Our data are insufficient to address these questions, and additional research is needed to better understand the underlying sources of the shift in beliefs about sustainable farming.
A final note regarding our results is warranted. As noted in the introduction, much of the recent growth in agricultural productivity has been gained from more efficient use of agricultural inputs (Fuglie et al. 2007 ). As input prices have soared in recent years (Duffy 2011) , it is likely that farmer motivation to use inputs even more efficiently is also increasing. Extension and other entities that work with farmers could appeal to farmers' commitment to efficiency by focusing on retention of nutrients on the farm and other management efficiencies that wring more productivity out of inputs. However, this approach does not help the farmer step off the treadmill of production and may not rebalance the environmental component of sustainability. Incorporation of the dual-interest framework (Sheeder and Lynne, 2011) helps to frame and articulate this tension between the agricultural treadmill/profit motive/productivity side of the sustainability equation and the collective/ conservation/shared-interest side. Overall, we find support for this framework, in that the changes in attitudes over time seem to be indicative of a shift toward a privileging of productivity and a de-emphasis of the more collective, shared ecosystem aspects of sustainability. The dual interest framework seems to work well in explaining these shifts in attitudes regarding sustainability, especially among larger-scale farmers. A critical question that remains-one that requires more research and extension attention-is how to improve the balance between the farm-level productivity and collective-level environmental dimensions of sustainability.
